In this paper diffuse solar radiation component is investigated for Sakarya city (Turkey). For this purpose, 17 diffuse solar radiation equations correlating the diffuse fraction with the clearness index and/or the sunshine fraction are selected from the literature. The predictions obtained from the selected equations are utilized to determine the regression constants of the new equations. In conclusion, the best equation for the city is introduced by performing statistical analysis.
INTRODUCTION
The latest energy report indicates that Turkey is heavily dependent on imported fossil fuels for meeting its rising energy demands [1, 2] . Thus it is vital to break this dependency for providing a sustainable growth. At this point, solar energy becomes prominent among all the alternative energy sources due to the favourable geographical location of the country.
The accuracy of the solar data measurements is vital in designing and analysing solar energy systems [3] . Today global solar radiation for a specific location is easily recorded in many countries. However diffuse solar radiation measurement is available in only few countries. Diffuse solar radiation data is required for determining the amount of the total solar radiation on an inclined surface which provides information about the system performance [4] . Therefore it is necessary to develop mathematical equations based on meteorological data for estimating the diffuse component. Liu and Jordan developed the first diffuse solar radiation equation defining the diffuse fraction in terms of the clearness index [5] . Then several researchers have developed empirical equations based on this equation . In these equations the solar diffuse fraction and/or the solar diffuse coefficient are introduced in terms of the clearness index [7] [8] [9] , the sunshine fraction [10] [11] [12] [13] [14] and both [15] [16] [17] [18] [19] . Al-Mohammad calculated solarradiation components starting from the simple Angström formula [21] . El-Sebaii et al. used the clearness index, the sunshine fraction, the ambient temperature, the cloud cover and the relative humidity as input data in their equation [23] . They divided the input data into two parts. [29] . Bakırcı analysed the measured solar data for the eight provinces of Turkey to establish new empirical diffuse solar radiation equations [30] . He used fifteen current equations from the open literature and meteorological data of the provinces to develop these equations. By performing statistical analysis he observed that the proposed equations agree with the obtained average values of the selected fifteen equations. Ulgen and Hepbasli recorded the diffuse solar radiation from 1994 to 1998 for İzmir city, Turkey [31] . They observed that the predictions of their new equations fit the measured data better than the current equations.
In this paper available measured solar radiation data and the current diffuse solar radiation equations are analysed to express the diffuse fraction for Sakarya city. Nine new diffuse solar equations by the clearness index and/or the sunshine fraction are developed respectively. In conclusion the estimates of all the equations are compared statistically and the most accurate equation of all is established.
REVIEWING CURRENT DIFFUSE SOLAR RADIATION EQUATIONS
In this section the current equations based on the clearness index and/or the sunshine fraction are examined. The clearness index is the global solar radiation (H) divided by the extra-terrestrial solar radiation (H 0 ), the sunshine fraction is the hours of sunshine (S) divided by the maximum hours of sunshine (S 0 ) and the diffuse fraction is the diffuse solar radiation ( 
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DATA AND METHODOLOGY
The global solar radiation (H) and hours of sunshine (S) are obtained from the solar energy potential atlas by Turkey Renewable Energy Head Office (Tab. 1).
The extra-terrestrial solar radiation (H 0 ) and maximum possible hours of sunshine (S 0 ) are calculated from mathematical expressions respectively [32] [33] [34] 
The diffuse solar radiation is obtained by averaging the results of the selected equations for the city. Then the following equations are utilized to develop new diffuse solar equations fitting all the data obtained: i) Equations expressing (H d /H) in terms of (S/S 0 ):
ii) Equations expressing (H d /H) in terms of (H/H 0 ):
iii) Equations expressing (H d /H) in terms of (H/H 0 ) and (S/S 0 ):
where c 0 , c 1 , c 2 , c 3 , c 4 , c 5 and c 6 express the regression constants determined by the regression analysis technique [35] . Finally, the accuracy of all equations including the selected equations from the literature is evaluated using the statistical indicators below:
Mean bias error:
Mean absolute percentage error: 
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t-statistics:
where x is the sample size, n − 1 is the degrees of freedom, EV i is the i th estimated value, MV i is the i th measured value, EV a is the average of the estimated values, MV a is the average of the measured values. All the indicators except the R 2 take small values around "zero" while the absolute R 2 takes values around "1" in suitable equations. Here the t is used additionally to overcome the inadequacy of the separate utilization of the MBE and RMSE [36] . It is better to select the equations with smaller t values when the equations give similar results for MBE and RMSE.
RESULTS AND DISCUSSIONS
Based on the data in section 3, the regression coefficients in Eqs. (22), (23) and (24) 
ii) Equations expressing (H d /H) in terms of (H/H 0 ): 
iii) Equations expressing (H d /H) in terms of (H/H 0 ) and (S/S 0 ): (1)- (17) and the equations developed in this paper (31) The performance of these new equations (31)-(39): they are all compared with the performance of the seventeen equations selected from the literature (1)-(17) by means of different statistical indicators presented in Tab. 1. The results indicate that the performance of the new equations developed in this paper is better than the performance of the existing equations. However the equations expressing (Hd/H) in terms of (H/H 0 ) and (S/S 0 ) give the best results among all. The t-stat is used as the determining indicator between these equations since the other indicators are almost the same. Thus, it is determined that the Eq. (38) is the most accurate equation for Sakarya city.
CONCLUSION
Solar energy potential in Turkey is adequate to meet all the energy demand of the country. For utilizing this potential efficiently, it is essential to obtain accurate solar data. Unfortunately, it is not possible for most of the cities in Turkey, since only few stations are able to make diffuse solar radiation measurements. To overcome this matter, researchers have proposed mathematical equations for obtaining proper estimates for the diffuse component for some cities. However, there is no measured or predicted diffuse solar radiation data for Sakarya city.
In this paper, new diffuse solar radiation equations are developed for the city by utilizing the current studies from the literature. Based on statistical analysis, the Eq. (38) is introduced as the most accurate equation for the city: 
From this result, it can be concluded that both the clearness index and the sunshine fraction are required for estimating the diffuse solar radiation accurately for Sakarya city and the other cities with the same latitude and meteorological conditions in the world.
